In this paper we considered a capacitated scheduling problem of exam invigilators. A goal programming framework was undertaken in formulating the problem, where a number of constraints related type of exam, type of invigilator, time availability, and other preferences were classified into primary and secondary constraints. The model was then applied to a simple case of exam invigilators assignment at Department of Mathematics, Bogor Agricultural University.
Education Timetabling
Scheduling problems deal with the issue of coupling one or several given resources to activities such as production planning, personnel planning [5] , product configuration, and transportation over a certain time period, subject to specific constraints in such a way as to satisfy as nearly as possible a set of desirable objectives. Education related timetabling problem as special subclass of scheduling problem involves assigning a sequence of events (normally lectures or examinations) to specific but limited number of rooms, encompassing teachers, administrative staffs and students, in a predetermined period of time [6] . It is required that the desired schedule satisfies a set of hard constraints as well as soft constraints of various types. The schedule is usually aimed to minimize student and teacher's workload.
Education timetabling can loosely be divided into school timetabling [2] , course timetabling [10] , and examination timetabling [8] , which differ from each other by the type of events, the kind of institution involved, and the type and the relative influence of constraints [6] . In general, education timetabling problems are large and highly constrained problem, more precisely, kinds of complex combinatorial problem consisting of N P -complete subproblems [3] . However, they are subject to similar types of constraints such as overlapping, resource availability, and room capacity. Considerable interest has been devoted to research on automated timetabling during the decades and continues to attract the attention of researchers due to its characteristics of additional constraints required and better solution desired by end users making increase of the complexity of the problem. Moreover, several applications and techniques have been developed and employed with good success. It is discussed in [9] the mathematical modeling of examination scheduling problem and its parameter estimation by using the Analytic Network Process (ANP) approach. A so-called constructive heuristic was proposed by [8] in solving timetabling problem of certain university with good quality solutions, which are superior to the existing ones. A particle swarm based hyper-heuristic approach was applied by [1] in the similar problem. Benders' partitioning method was applied by [10] . It is also well-known that the general timetabling problem can easily be modeled within the graph coloring framework as employed by [11] . An exam scheduling software system that performs efficient, accurate and robust solution searching to solve large and complex exam scheduling problems is presented by [4] . This current paper presents an invigilator-exam assignment, a problem which receives less attention than the examination timetabling problem. We mean by the problem assigning invigilators to examination rooms in which an examination timetable is already in place, usually prepared by scheduling management unit. We consider a very specific small problem arising at the Department of Mathematics, Bogor Agricultural University. Even though the problem is small-scaled, some unique constraints are introduced. For a real world university level of invigilator scheduling problem, readers may follow the work by [7] , where additional constraints were included by taking into account the comments made by the invigilators and a constructive algorithm was also presented in obtaining better solutions. While the ANP approach was used in [9] to prioritize the objectives of the invigilator-exam assignment problem, we here adopt a goal programming framework to incorporate some preferences into the model.
Invigilator-Exam Assignment Model
Usually, the invigilator-exam assignment problem is prepared manually at the Department of Mathematics, where the invigilator's time availability is the only concern in designing the timetable. In most cases, this manual system fails to adhere some hard constraints imposed by the scheduler. To improve the scheduling process we develop an assignment model in term of non-preemptive goal programming framework. The following assumptions are considered in the model:
1. The examination timetable is already in our hands and the examination rooms are available with sufficient capacity.
2. The examination involves undergraduate and graduate programs. 4. There are three types of invigilator, namely administration staff, teaching assistant, and senior (undergraduate) student. The first priority to be assigned is staff, followed by assistant and student. It is assumed that teaching assistants and senior students can always invigilate anytime. A teaching assistant will only supervises an exam of his/her own subject.
Examinations can be conducted on Monday till
5. The model focuses on and most of its requirements deal with administration staffs assignment. Regarding the senior student, what we need is only the required number of students to supervise.
To state our model we introduce a number of sets, which defined based on our special needs. We define by E set of all exams, where E = {1, . . . , n} with n is the number of exams to be scheduled, by E u set all undergraduate exams (E u ⊆ E), by E g set of all graduate exams (E g ⊆ E and E u ∪ E g = E), by E e set of all exams conducted on 08.00-10.00 (E e ⊆ E), by E o set of all exams that conducted in the same day with either the same time slot or overlapping time slots. The followings are overlapping time slots: t 1 and t 2 , t 2 and t 3 , or t 4 and t 5 . Next we define by E s set of all exams conducted on Saturday (E s ⊆ E), by E d set of all exams conducted on day d, where d ∈ D := {1, . . . , T }, where T is the length of exam period (E d ⊆ E), and by S set of all administration staffs, where S = {S 1 , . . . , S m } with m is the number of staffs.
We define following binary decision variables:
x ij = 1 ; exam i is invigilated by administration staff j 0 ; otherwise.
Our model considers a number of hard constraints, which generally obey the common rules or follow the rules required by the Department of Mathematics.
1. No administration staff can invigilate more than one exam concurrently, i.e., clash-free requirement:
2. The number of required invigilators to supervise an exam depends on the number of participants. It is required that one invigilator supervises at most 25 participants, otherwise we need more than one invigilators:
where P i is the number of invigilators required for exam i and M i is the number of participants for exam i.
3. There is one and only one administration staff supervises an undergraduate exam:
4. In addition to administration staff type invigilator, a number of senior students might be needed to supervise undergraduate exams:
where N i and A i are, respectively, the numbers of senior students and teaching assistants required for exam i.
5.
Neither teaching assistant nor senior student allowed for supervising graduate exams:
6. Each staff invigilates exams no more than k times a day:
7. Two administration staffs, let say S k and S , due to their duties, are not allowed to supervise exam either in the same or overlapping time slots:
8. Due to acceptable reasons, a staff, let say S k ∈ S, cannot supervise exam on 08.00 and another staff, let say S ∈ S, is unable to supervise exam on Saturday:
In addition to hard constraints, we also take into account a set of soft constraints which reflect the preference of staffs in undertaking exam supervisory. In this work we consider two fairness aspects and formulate them into goal functions.
Each staff has almost the same number of invigilating tasks in one
scheduling period:
2. Each staff has almost the same number of invigilating tasks on 08.00-10.00 time slot:
where q is the number of staff which are available on 08.00-10.00 time slot.
As objective function we consider to minimize all deviations around the goals given in (11) and (12):
where a 1j , a 2j , b 1j , and b 2j are weights that indicate the relative importance among goals.
Model Implementation
In this section we present the implementation of the model into a simple case of invigilator-exam assignment problem in Department of Mathematics, Bogor Agricultural University. In odd semester, the Department organizes 44 exams, which consist of 38 undergraduate exams and 6 graduate exams and will be supervised by 6 administration staffs. The exam timetable in term of time and room is made available by the University Scheduling Office, see Table 1 . The period of exam is two weeks, which is equivalent to 10 exam days. From Table 1 we can define following sets: We also find in the same table that M i and A i are, respectively, given by columns 7 and 8. P i and N i will be determined by the model. The following value of parameters are also applied: n = 44, m = 6, T = 10, q = 5, k = 2, a 1j = a 2j = 1, and b 1j = b 2j = 2. We assume that two administration staffs S 1 and S 2 are not allowed to supervise exam either in the same or overlapping time slots since their administrative tasks are similar, thus at least one of them should always present at his/her desk. Additionally, S 5 cannot supervise exam on 08.00 everyday and on Saturday. Table 2 presents the invigilator timetables, which constitutes the main output of the model. We can see that, to organize all exams, we need a number of 30 teaching assistants and 36 senior students. The needs for each exam are provided in column 6 for teaching assistant (A i ) and in column 7 for senior student (N i ). The total number of invigilators required for each exam (P i ), including the staff, is given in the last column.
From the view point of goals accomplishment, it can be seen in the lefthand pane of Table 3 that all exam supervision tasks can be equally distributed to staffs, where each staff has to supervise exams 8 times during the period. In particular, staff S 3 has a higher number of 08.00 tasks, i.e., task at time slot t 1 , than other staffs by one. In this case, S 5 was intentionally left restrained for doing this task as indicated by (10) . How far did they deviate from the 
Concluding Remark
In this paper we have presented an invigilator-exam assignment model which formulated in the form of non-preemptive goal programming framework. This simple model has been successfully applied in invigilators assignment at the De- partment of Mathematics, Bogor Agricultural University. It is demonstrated that the model can solve the scheduling problem efficiently. Beyond the common hard requirements, the model offers more fairness by taking into account some preferences related to the equity of the number of supervision tasks and those in the first time slot, which normally undesirable.
Developing such kind of model enables us to consider different scenarios of scheduling, for instance, due to the shortage of human resources. Suppose that a staff, let say S 6 , is no longer available for supervising an exam. Then we must reschedule the assignment by only possessing five staffs. This problem can be undertaken either by setting m = 5 hence S = {S 1 , . . . , S 5 }, or by adding extra constraints x iS 6 = 0, for all i ∈ E, both in addition to q = 4. Quick inspection by running the model confirmed that this problem was unfeasible. Thus it is imperative to modify the model such as by relaxing a hard constraint. We may, for instance, relax the requirement that S 1 and S 2 must not supervise an exam in the same or overlapping time slots. It can be accomplished by converting (8) into a goal constraint:
The objective function (13) is then adjusted to minẐ := Z + 
Under the choice of weights c 1j = c 2j = 2, the right-hand pane of Table 3 shows that the model can now allocated tasks quite well and further exploration reveals that S 1 and S 2 supervise together only in three occasions, one in overlapping and two in the same time slots, but in different exams.
